BACKGROUND
The current method of paying risk-contracting HMOs for the care of aged and disabled Medicare beneficiaries is based on the principle that the Health Care Financing Administration (HCFA) should pay no more than 95 percent of the estimated costs for the HMO enrollee had he or she remained in the fee-for-service (FFS) sector. Estimates of FFS costs are calculated for each of 30 cells: 5 age groups, 2 sex categories, and 3 institutional-status groups (institutionalized, welfare recipient not institutionalized, and neither). The formula by which these estimates are applied to determine the payments for each HMO is known as the AAPCC, or adjusted average per capita cost. 1 The purpose of the AAPCC payment system to is adjust the HMO's payment rate for the demographic mix of its Medicare enrollees.
Numerous studies of both the Medicare and non-Medicare populations have shown that HMO enrollees differ significantly from those who choose to remain in the FFS sector. Many of the variables related to HMO enrollment (e.g., health status, prior use of services, income, and education) are also possible determinants of health care expenditures. Failure to include these additional variables in the AAPCC payment formula may result in a payment bias within the AAPCC rate cells. The objective of this research is to determine whether such within-cell bias exists.
The setting for the research is the sevencounty metropolitan statistical area of Minneapolis-St. Paul (hereafter referred to as the Twin Cities), a large metropolitan area with a mature capitated delivery system for both Medicare and non-Medicare populations. The data were collected in calendar years 1988-89. This period is of particular interest because five TEFRA-risk HMOs operated in the Twin Cities at that time and had enrolled more than one-half of the Medicare beneficiaries in the market area.
Bias in the AAPCC
Biased selection could arise if enrollees within each cell of the AAPCC have different risks, and the high-risk types within a cell tend to be found in either the HMO or FFS sector. For example, if HMO enrollees 1 See Palsbo (1991) for a detailed description of the AAPCC calculation. Since our study was completed, an adjustment has been added for the working aged.
within each AAPCC cell tend to be lower risks, then Medicare payment rates, which are based on the average risk of FFS enrollees in each cell, would overstate the expected FFS expenditures of HMO enrollees. As a consequence, including HMOs in the Medicare program will increase total Medicare costs unless there are other, offsetting effects of including HMOs.
2 To produce selection bias, the variables omitted from the AAPCC also must affect, or be correlated with, the beneficiary's choice of health plan and his or her subsequent health care expenditures. Variables that affect only choice but not cost will not cause bias. Similarly, variables that affect cost but not health-plan choice will not be a source of bias in the AAPCC, because those variables will be randomly distributed across health plans.
The literature on health-plan choice and biased selection, reviewed by Dowd and Feldman (1985) , Wilensky and Rossiter (1986) , Hellinger (1987 Hellinger ( , 1995 , and Dowd et al. (1994) , has generally found evidence of favorable selection into group-practice HMOs but not into independent practice associations (IPAs).
3 Evidence of favorable selection into HMOs is more conclusive for Medicare beneficiaries than for the employed population. Eggers (1980) compared FFS expenditures of future HMO enrollees with those of continuing FFS beneficiaries. After controlling for variables included in the AAPCC payment formula, he found that future HMO enrollees used fewer services and had lower FFS payments than continuing FFS beneficiaries. Eggers and Prihoda (1982) found that pre-enrollment payments for enrollees in two HMOs were 20 percent lower than for their comparison groups. Garfinkel et al. (1986) found that three Minneapolis HMOs participating in the Medicare Capitation Demonstration experienced favorable selection of enrollees with few chronic conditions. HMOs in Marshfield, Wisconsin, and Worcester, Massachusetts, did not experience favorable selection related to perceived health status, functional limitations, or the number of chronic conditions. Brown (1988) , , and Brown, Bergeron, and Clement (1993) found evidence of favorable enrollment into and disenrollment from HMOs participating in the Medicare program.
To our knowledge, the only instance of unfavorable selection into Medicare HMOs reported in the literature occurred in Eggers and Prihoda's 1982 study. Enrollees in one of three HMOs had higher prior payments for outpatient and physician services, although no significant differences were detected in total prior payments.
Within the FFS sector, beneficiaries can also choose whether to buy a supplementary (or "medigap") policy. Only 11 percent of beneficiaries choose not to buy supplementary coverage (Chulis et al., 1993) . These supplementary policies can simply fill in the gaps (i.e., coinsurance and deductibles) for services covered by the basic Medicare benefit, or they can add supplementary coverage for uncovered services such as outpatient prescription drugs. Garfinkel, Bonito, and McLeroy (1987) found that beneficiaries with chronic health problems were more likely than beneficiaries without chronic health problems to have a supplementary FFS policy. Thus, it appears from this study that supplementary insurers were not screening potential enrollees very aggressively. However, Rice and McCall (1985) found that the probability of having supplementary insurance for beneficiaries reporting themselves to be in poor health was 11 percentage points lower than for beneficiaries reporting themselves to be in excellent health. Dowd et al. (1994) found that the oldest, poorest, and to a lesser extent, the sickest Medicare beneficiaries in the Twin Cities in 1988 were in FFS Medicare without a supplementary policy. The youngest beneficiaries were enrolled in network HMOs. In many respects, selection into the FFS sector with a supplement resembled selection into the HMOs.
In summary, the literature suggests that group and network HMOs may enroll a relatively healthy population within the AAPCC rate cells. If the HMOs' selection advantage exceeds 5 percent of FFS costs, then payments to Medicare HMOs under the current AAPCC system will increase total Medicare costs.
CORRECTING BIASED SELECTION

Adding Variables to the AAPCC
The present AAPCC excludes many variables that have been shown to influence both Medicare HMO enrollment and FFS expenditures. Not surprisingly, therefore, a number of proposals have suggested adding such variables to the AAPCC. Included in the list of variables that might be added to the AAPCC are prior disability, utilization of inpatient or outpatient services in a prior time period, measures of chronic illness, and mortality Brown, Bergeron, and Clement, 1993; Weiner et al., 1991; Ash et al., 1989; Beebe, Lubitz, and Eggers, 1985; Lubitz, Beebe, and Riley, 1985) .
There are several problems with the "add more variables" strategy. First, the potential additional variables have thus far not explained a great deal of additional variance in expenditures. Second, some of the suggested additions to the AAPCC may be endogenous to (under the influence of) the health plan. The obvious examples are utilization of services in a prior time period (if the beneficiary was enrolled in his or her current health plan during that period) and health-status measures, including mortality. Inclusion of endogenous factors in the payment formula can create perverse behavioral incentives (i.e., increased payment for sicker enrollees could reduce the plan's incentive to keep enrollees healthy). Third, including more variables in the payment formula could create bias where none existed before. Variables currently omitted from the AAPCC formula might have offsetting effects on subsequent expenditures, some favoring HMOs and others favoring the FFS sector. Including a subset of these variables in the AAPCC could create bias if the remaining omitted variables favor one sector or the other.
Another conceptual problem with previous research on risk-adjusted payment to HMOs is that the usefulness of potential adjusters is measured by the amount of variance explained in expenditures for beneficiaries remaining in the FFS sector. A set of explanatory variables could explain 100 percent of the variance in expenditures for beneficiaries who choose to remain in the FFS sector but still yield a biased prediction of expenditures for people who choose the HMO sector. This is because the coefficients (effects) of the explanatory variables might be different for individuals choosing the HMO and FFS sectors. In other words, the coefficients for FFS enrollees might be biased estimates of the same coefficients for HMO enrollees. The bias might be confined to the intercept term, or it could affect the coefficients of other included variables, if they were correlated with the omitted variables.
An Econometric Correction for Selectivity Bias
Rather than adding more variables to the AAPCC payment formula and measuring the change in the explained variance of FFS beneficiaries' expenditures, we attempt to measure the effect of all variables omitted from the AAPCC, including those that are not, and in some cases cannot, be observed. The approach is statistically complex, but the underlying idea is very simple and follows directly from the theory that explains how bias in the AAPCC might arise in the first place. Bias can arise only if there are unobserved variables that affect both the beneficiary's choice of the FFS sector and subsequent Medicare payments. 5 The basic approach is to construct an FFS expenditure equation that resembles the AAPCC payment formula and then to test for the presence of correlation between variables omitted from that equation and from another equation that determines whether beneficiaries choose the HMO or FFS sector. The presence of that correlation would produce sample selection bias or "selectivity" bias. This estimate of payment bias captures the effect of all unobserved variables that affect both health-plan choice and FFS expenditures.
The econometric correction for selectivity bias has three basic steps. The first step is to model the process by which beneficiaries choose the FFS versus HMO sector. This step produces an equation in which choice is a function of observed explanatory variables (Z) and an unobserved error term. The observed explanatory variables include the AAPCC rate-cell variables plus other variables that affect choice but not expenditures.
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The second step is to model the process that generates expenditures for an FFS beneficiary as a function of observed AAPCC variables and an error term. The fact that many FFS beneficiaries have zero expenditures during a given period of observation creates special estimation problems that are discussed in the "Methods" section.
The third step is to estimate the choice and expenditure equations jointly, allowing the error terms in each equation to be correlated. A significant estimated correlation indicates the presence of variables, not included in the AAPCC formula, that are correlated with both health-plan choice and FFS expenditures. Selectivity bias thus is defined as a statistically significant correlation of these error terms.
One prior study has used this approach. Welch, Frank, and Diehr (1984) analyzed cost per enrollee under the Seattle Prepaid Health Care Project. Enrollees were given a choice between a prepaid group practice (PGP) and a traditional FFS health plan for the years 1971-75. The study population was the near-poor residents of a section of Seattle who were under 65 years of age. Welch, Frank, and Diehr first estimated differences in cost per enrollee between the PGP and FFS using ordinary least-squares (OLS) regression. The OLS cost comparisons, like the AAPCC payment formula, controlled for the enrollee's age and sex, in addition to race, education, family size, and health status. Based on the OLS results, the ratio of costs in the FFS plan to costs in the HMO was 1.47. The second estimation method included an econometric correction for selectivity bias. Using this method, the estimated ratio of FFS to PGP costs per enrollee was 3.66, a figure termed "implausibly high" by the authors.
Welch, Frank, and Diehr's results indicate that significant selectivity bias remained in the expenditure equation, even after including AAPCC variables and other personal characteristics. Data from a randomized trial of HMO versus FFS health-plan memberships in Seattle sug gest that unobserved characteristics of health-plan enrollees may not be very important in comparisons of utilization and expenditure between FFS and prepaid plans (Manning et al., 1984) , but the results may have been affected by attrition from the study. Twenty-nine percent of those initially contacted refused to partici pate in the study.
METHODS
Estimates of Biased Selection
Sample selection bias has a relatively long history in the econometrics literature, and recently there have been some import ant new developments. Often, the problem faced by researchers is to compare the experience of subjects in treatment and control groups in the absence of random assignment to those groups. Typically, the outcome variable is observed for both the treatment and control groups. A great deal of past research has employed selection models similar to ours to correct for nonrandom assignment. These "parametric" selection models, based on particular assumptions about the joint distribution of error terms in equations in the model, have been criticized on the grounds that results can be sensitive to the assumptions underlying the model (Little, 1985) . Consequently, there has been considerable recent interest in the development of alter native approaches to correcting for selec tion bias. For example, McClellan, McNeil, and Newhouse (1994) provide an example of an instrumental variables estimator to the medical field.
Our problem is somewhat different from the standard problem found in the litera ture. In our application, the "treatment group" is the FFS sector and the "control group" is the HMO sector (or vice versa). However, we are not interested in compar ing the effect of health-plan membership on expenditures. In fact, expenditures are observed only for subjects in the FFS sec tor. Instead, we seek to estimate the direc tion and magnitude of correlation between variables omitted from both the healthplan-choice equation and FFS-expenditure equation. Our statistical model, which is based on a particular assumption regard ing the distribution of errors (omitted vari ables) in the choice and expenditure equa tions, provides a direct measure of selec tion bias.
The model for this analysis consists of a health-plan-choice equation and an expen diture equation for FFS enrollees. These equations are estimated simultaneously. In addition to selection bias, estimation of the FFS expenditure equation is complicated because the expenditure data contain a mass of observations at zero. We address that problem by estimating tobit and twopart expenditure equations, each correct ed for selection bias. We conduct a number of tests to investigate the sensitivity of our results to distributional assumptions.
To reduce problems that arise from nonnormality and heteroskedasticity of the error term in the FFS expenditure equa tion, 6 we take the natural log of positive expenditures denoted LCOST F and write the following model:
where i indexes the individual, F indexes the FFS sector, and σ F is the standard devi ation of u i . To apply the log transformation, 6 The tobit estimator is inconsistent in the presence of non-nor mal or heteroskedastic errors. Our ability to apply the usual tobit specification tests is limited because the errors in our expenditure equation are additionally censored by the choice of FFS versus HMO sector. Nonetheless, a number of specification tests were performed and are discussed in the "Results" section. The density function of LCOST F is:
where φ is the standard normal density function. The error terms u and υ* (from the choice equation) are assumed to have a bivariate standard normal distribution, with correlation coefficient ρ F . Let this bivariate density be denoted ΦB.
Three types of individuals are observed in the data: (1) those choosing the HMO sector; (2) those choosing the FFS sector and having no expenditures; and (3) those choosing the FFS sector and having posi tive expenditures. The probability of join ing the FFS sector is estimated from a multinomial logit model with the probabili ty of FFS choice equal to F(-Zγ F ), where F is the normal cumulative distribution func tion. Expenditures are not observed for beneficiaries choosing the HMO sector, and thus the probability of observing such an individual is simply 1-F(-Zγ F ). The probability of observing the second type of individual is:
The first integral represents zero con sumption of health care services, and the second integral represents choice of the FFS sector. The third type of individual joins the FFS sector and has COST F . The probability of observing this individual is:
Because these three types of individuals comprise the entire data set, and because observations on individuals are assumed to be independent, the likelihood function for the data set is:
where φ is the standard normal cumulative distribution function (CDF), N F is the num ber of individuals choosing the FFS sector, N T -N F is the number of individuals choos ing the HMO sector, and 8888 if the indi vidual consumes some health care serv ices, and 0 otherwise. The first term in the likelihood function may be simplified to:
and so the log of the likelihood function may be written as:
where C F = 1 if the FFS sector is chosen and 0 if the HMO sector is chosen. Φ β is the bivariate standard normal CDF. Maximization 7 of this likelihood function yields consistent and asymptotically effi cient estimates of:
• The standard error of the LCOST equa tion (σ F ), and most importantly, • The correlation between errors in the COST and choice equations (ρ F ).
7 The selectivity-corrected tobit model was estimated using the LIMDEP statistical program. The LIMDEP likelihood function was cross-validated by constructing the likelihood function and maximizing it using the GQOPT maximization program.
Equation Specification and Identification of the Selection Effect
Specification of the FFS-expenditure equation is determined by the AAPCC pay ment formula, because we wish to test for potential selectivity bias in the current AAPCC methodology. The explanatory variables in the FFS expenditure equation are beneficiary age, gender, and county of residence. The age/sex categories and county dummy variables in our analysis correspond to the AAPCC categories.
The purpose of the HMO/FFS choice equation is to provide selection correction for the FFS expenditure equation. The HMO/FFS choice equation is not meant to be a realistic description of the health-planchoice process. Indeed, specifying a realis tic health-plan-choice equation would make it impossible to address the objective of this study: to identify the correlation among variables that are omitted from both the health-plan-choice process and the FFS-expenditure equation. If we includ ed measures of chronic illness in the health-plan-choice equation, for example, and chronic illness affected health expen ditures, we would have removed a poten tially important source of bias in the cur rent AAPCC-a source of bias this study was designed to detect. Dowd et al. (1994) provides a detailed analysis of health-plan choice in the Twin Cities using these same data.
To provide selection correction for the FFS-expenditure equation, the choice equation must include the AAPCC vari ables plus other variables that affect choice but not expenditures. Two identifying vari ables are used in this analysis: whether the beneficiary purchases any insurance through a group policy and whether any one outside the family contributes to the beneficiary's health insurance premium. Group insurance for the elderly is general-ly offered as a retirement benefit by a former employer. Furthermore, beneficiaries who purchase insurance through a group generally pay lower premiums, either because of group rates or because the premiums are subsidized by the former employer. Consequently, plans offered through a group and/or receiving a premium subsidy will be favored by beneficiaries. We assumed that group purchase and premium subsidies affect premiums but do not directly affect expenditures. That assumption proved troublesome, as we describe in the "Results" section.
Comparison to Mathematica Policy Research's Approach
Our analytic approach has much in common with that of Mathematica Policy Research, Inc. (MPR) (Hill et al., 1992; , which estimated an expenditure equation using data on FFS beneficiaries. The explanatory variables consisted of AAPCC variables and other plausible predictors of expenditures. MPR used all the explanatory variables in the model to predict the cost of HMO enrollees, had they remained in the FFS sector. Those predictions of actual costs were compared with predicted AAPCC payments, which were obtained from the same regression equation, but using only the AAPCC variables as predictors. The prediction of over-or underpayment thus depended on the sign and magnitude of the effect of the error term, that is, the variables that were included in the model but that are excluded from the AAPCC payment formula. MPR recognized that other, unobserved variables might influence the FFS-expenditure equation and took steps to assess the importance of those unobserved variables. Those tests are discussed in the "Results" section.
We also use data on FFS beneficiaries to estimate an FFS-expenditure equation, but we are also concerned about the effects of unobserved variables. However, we use a different econometric model to assess the importance of unobserved variables, and we focus on the sign and magnitude of the selectivity correlation, rather than estimating the degree of over-or underpayment.
DATA Twin Cities Medicare Market
The Twin Cities have a long history of developing innovative methods for financing and delivering health care. One of the unusual features of the Twin Cities market during the study period was the presence of five Medicare HMOs with TEFRA-risk contracts. These contracts place the HMO at financial risk for the full range of Part A and Part B Medicare services, as well as other services covered under supplementary benefit packages offered by the HMOs. Table 1 shows a diagram of the coverage and premiums of basic FFS Medicare and the five TEFRArisk HMOs during 1988.
In-Person Survey Instrument
Random samples of Twin Cities Medicare beneficiaries were drawn by HCFA on three separate dates between September 15 and December 15, 1987. Two samples were drawn on each date. The first consisted of enrollees in the five TEFRA-risk HMOs. The second consisted of beneficiaries in the FFS Medicare sector. The FFS sector was oversampled slightly to increase the number of observations in the expenditure equation. The final number of eligible subjects was 1,233 HMO enrollees and 1,659 FFS beneficiaries. Subjects were interviewed in person, usually at the sub- ject's place of residence. If the subject was unable to answer the questions, a proxy respondent was found and the instrument was administered to the proxy. Eight percent of all completed surveys were administered to proxies.
HCFA Payment Data
HCFA payment data were taken from the Medicare Automated Data Retrieval Service (MADRS) files for calendar years 1987, 1988, and 1989 . A 1-year window of payment data was constructed for each successfully interviewed beneficiary starting at the date of the interview and ending 1 year later. Subjects who were not successfully interviewed were assigned pseudo-windows beginning in months that followed the same distribution as the successfully interviewed beneficiaries' starting months (in order to compare the payments for respondents and non-respondents). The surveys were conducted from November 1987 to April 1988, and thus the windows extended from November 1988 to April 1989. MADRS data were collected in September 1991, so the minimum time lag between the close of the window and compilation of the payment data (for subjects interviewed in April 1988) was 28 months. HCFA believes that claims data are 95 percent complete after a 9-month lag.
Some of the payment data had no date of service but had been assigned to a calendar year MADRS file.
8 Payment data without service dates were aggregated for each person, and a proportion of the payments was assigned to the beneficiary based on the proportion of that calendar year during which the beneficiary's window was open (e.g., if the window was open for only 1 month, only (00BD) of the payment data without service dates would be assigned to that person).
8
These data were omitted from an earlier analysis of payments (Wisner, Feldman, and Dowd, 1994) .
Characteristics of the Sample
To be eligible for the study, beneficiaries had to be: (1) a resident of the Twin Cities metropolitan area (Hennepin, Ramsey, Dakota, Carver, Scott, Anoka, or Washington Counties); (2) over 65 years of age; (3) currently eligible for both Part A and Part B; and (4) not eligible for Medicaid (and thus not a Medicaid "buyin" beneficiary). The best estimate of the distribution of Twin Cities Medicare beneficiaries who met the eligibility criteria, by health plan, comes from a sample of eligible beneficiaries drawn by HCFA for this study. The results from that sample are shown in Table 2 .
More than 50 percent of beneficiaries who met the eligibility criteria were enrolled in HMOs. Share Health Plan had the largest percentage of HMO enrollees, followed by Physicians Health Plan (PHP). The FFS sector was oversampled slightly in our data, so that 57 percent of the eligible beneficiaries in the final sample were in the FFS sector.
The final classification of responses and calculated response rates for the interviews are shown in Table 3 . Respondents and eligible non-respondents were compared on a variety of measures from the HCFA beneficiary data that were available for everyone in the sample. HMO enrollees are underrepresented among respondents. Fifty-seven percent of the eligible sample was in the FFS sector, but 63 percent of respondents were in the FFS sector.
9 There was no significant relation between response status and enrollment in a particular HMO, however. There was 9 A possible explanation for the lower response rate among HMO enrollees is that there was considerable turmoil in the Twin Cities Medicare market during the survey period. Earlier in 1988, HMO Minnesota and MedCenter had announced plans to drop several rural Minnesota counties. During the survey period, PHP and Share announced similar plans. An outcry by enrollees, covered extensively in the local press, may have generated considerable resentment among HMO enrollees. Includes eligible individuals who could not be located, refused to participate, were still in process at the time the interviews ended, or for whom no proxy was available. These individuals constitute the non-respondents. Ineligible persons include those beneficiaries under age 65, receiving Supplementary Security Income, eligible for Medicaid, having health insurance through their or their spouse's place of employment, those who had moved out of the area at the time of the survey, and duplicate individuals who appeared in more than one of the samples drawn by the Health Care Financing Administration. SOURCE: Dowd, B., Feldman, R., Moscovice, I., et al., University of Minnesota, 1995. also no relationship between response category and county of residence. However, the proportion of subjects in the oldest and youngest age categories was significantly different for respondents and non-respondents, with younger enrollees disproportionately represented among respondents. Table 4 shows the variable names and definitions, as well as means and standard deviations, for variables in the analysis. The mean expenditure for respondents in the FFS sector was $2,164, and the mean for non-respondents was $2,577. The difference was not statistically significant, however. Average FFS payments for respondents were lower than the average costs implied by Twin Cities' AAPCC payments. The 1988 weighted average AAPCC in the Twin Cities was $3,220.96. Langwell and Hadley (1990) report that MADRS (HCFA payment) data appear to underrepresent payments by 10-20 percent. The average underrepresentation in our data is much greater, almost 33 percent, but our data exclude disabled beneficiaries and those qualifying for Medicaid. Sixteen percent of FFS respondents had zero payments. Waldo and Lazenby (1984) found that 39 percent of Medicare beneficiaries had zero payments in 1982. That percent should be smaller in 1988 because FFS expenditures have risen faster than coinsurance and deductibles.
We performed several tests to determine whether response bias affects the estimated coefficients in the HMO/FFS choice equation or FFS expenditure equation. These tests utilized the beneficiary's age, sex, and county of residence, which were known from HCFA records for both respondents and non-respondents. The age and sex variables and the beneficiary's county of residence were used in an estimated probit equation to predict choice of FFS versus HMO sector. Each demographic variable was also interacted with another variable that equaled one if the beneficiary responded to the survey, and zero otherwise. Coefficients of the interaction variables test whether the effect of the demographic variables on health-plan choice is significantly different for respondents and non-respondents. The tests showed that the oldest respondents of both sexes were less likely than nonrespondents to join the FFS sector. Thus, the estimated effect of age on choice of the FFS sector (which is positive in the full model) may be conservatively biased (toward zero) in our data. A similar test was performed on the expenditure equation. In this equation, none of the interactions with the age/sex or county variables was significant at the 0.05 level. An F-test showed that adding the respondent variable and the interactions did not significantly increase the explained variance in payments.
Four percent of beneficiaries in both the HMO and FFS sector died during the year. All the FFS-expenditure equations reported in this article were estimated with and without a dummy variable indicating whether the beneficiary died during the study year. The coefficient of the dummy variable was consistently positive and statistically significant but had no effect on the estimates of selectivity bias.
Before estimating the selection models, a test for heteroskedasticity was performed on the observations with positive expenditures. Using the Breusch-Pagan (1979) test statistic, the null hypothesis of homoskedasticity could not be rejected at the 5-percent level (test statistic = 16.31, with 15 degrees of freedom, critical value = 24.996).
RESULTS
Two-Sector Selection Model
For payment purposes, the crucial division of the Medicare market is between the FFS sector and the HMO sector. In calculating the AAPCC, HCFA does not distinguish between enrollees who have a medigap supplementary policy and those who do not. In paying HMOs, HCFA does not distinguish between IPAs and PGP HMOs.
The two-sector selection model jointly estimates the choice and FFS-expenditure equations, where "choice" is defined as 1.0 if the beneficiary selects the FFS sector (including FFS with a supplement) and 0.0 if the beneficiary selects any TEFRA-risk HMO. The results in Table 5 show that the selection identification vari- ables, GRPPOL and OTRPAY (and their missing value counterparts), 10 are significant and positive predictors of choice of the FFS sector. The only other significant predictors of the FFS versus HMO sector are the oldest age categories for men (AM5) and women (AF5), which are positively associated with choice of the FFS sector. The latter finding makes the analysis of non-response bias (which showed that the coefficients on AM5 and AF5 may be underestimated) even more important. The proportionate reduction in prediction error afforded by the explanatory variables in the choice equation is 39 percent.
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When data were missing, we set the missing variable equal to 0.0 and defined an indicator with the value of 1.0. Otherwise, the indicator took on the value of 0.0. 11 We use the (x02207) measure of prediction success, developed by Hildebrand, Laing, and Rosenthal (1977) . age/sex categories are significantly and positively associated with expenditures (relative to the omitted "youngest male" category). The coefficients of the male categories increase with age, as expected, but interestingly, the largest coefficient for females is found in the 80-84 age range, rather than the 85-or-over range. Residents of Washington County have significantly lower expenditures than the omitted reference county, Hennepin County, which contains the city of Minneapolis.
The findings indicate that the FFS sector experiences unfavorable selection on the basis of observed variables. The oldest age categories for males and females are positively associated with both choice of the FFS sector and higher expenditures. Residency in Washington County is a source of very weak favorable selection into the FFS sector, because residents of Washington County prefer the FFS sector (= 0.107) and have lower expenditures.
Selection on the basis of observed variables that are included in the AAPCC does not result in over-or underpayments to HMOs, however, because the AAPCC payment formula corrects for that selection. Our interest lies in the effect of variables omitted from the choice and expenditure equations, as indicated by the correlation of the error terms in those two equations. That estimated correlation is negative and statistically significant at the 5-percent level. Negative correlation indicates that the omitted variables associated with choice of the FFS sector also contribute negatively to expenditures. In results not shown, we separated expenditures into Part A versus Part B expenditures and reran the model. For Part A expenditures, the estimated correlation was 0.033 with a t-statistic of 0.249. For Part B expenditures, the estimated correlation was -0.23572 (t-statistic = -2.381). Thus, the negative correlation seems to be entirely the result of the effect of favorable FFS selection on Part B expenditures.
Tests of Alternative Selection Models
Identification Problems
A finding of favorable selection into the FFS sector stands in stark contrast to previous studies that have found evidence of favorable selection into Medicare HMOs, and for that reason, this finding is suspect. Because the selection model is known to be sensitive to changes in both functional form and choice of variables, we estimated a variety of models to investigate the robustness of this result.
The first series of tests concerned the variables GRPPOL and OTRPAY, which are used to identify the expenditure equation. We estimated models that included only one or the other of these variables in the choice equation. Those tests revealed that the finding of a significant selection correlation depends entirely on inclusion of GRPPOL in the choice equation. When GRPPOL is omitted from the choice equation, the estimated (insignificant) correlation is 0.01467. The sensitivity of the results to inclusion of GRPPOL is because of its strong association with choice of the FFS sector (t-statistic = 14.787). If, for some reason, GRPPOL is also associated with FFS expenditures, then a significant selection correlation could be produced by the fact that GRPPOL is a not a legitimate identifying variable.
An important finding of our previous analysis of health-plan choice is that Medicare plans offered through former employers tend to be FFS supplements. We found that only 13 percent of HMO enrollees purchase any of their health insurance policies through a group, while 53 percent of FFS beneficiaries do so. Within the FFS sector, GRP-POL is associated with purchase of an FFS Medicare supplementary insurance policy (p = 0.412). Thus, GRPPOL is an important predictor of choosing the FFS sector largely because it is associated with the purchase of a Medicare supplement. Because owning a Medicare supplement may be associated with higher expenditures (by removing Medicare's coinsurance and deductibles), GRPPOL may not be a valid identification variable. However, unless GRPPOL is included in the choice equation, our model does not adequately distinguish beneficiaries joining the FFS sector from those joining HMOs. Thus, the challenge is to find a way to retain GRPPOL in the choice equation but to control for its correlation with ownership of a medigap policy in the expenditure equation.
A simple approach is to include a variable indicating ownership of an FFS Medicare supplement policy (FFSSUP) in the FFS expenditure equation. Adding FFSSUP to the expenditure equation purges the relationship between GRPPOL and FFSSUP from the estimated selectivity correlation, which shrinks to -0.15304 (t-statistic = -1.437), not statistically different from zero. The estimated coefficient on FFSSUP in the expenditure equation is 0.20101, also not significant. This simple change in the model specification is not technically correct, however, because choice of an FFS supplement is endogenous. A better method would be to estimate the choice equation as a threeway choice among basic FFS Medicare, FFS with a supplement, and the HMO sector. This model could include separate expenditure equations for the basic FFS sector and FFS with a supplement. Unfortunately, there are two problems with this approach. First, only 275 beneficiaries chose basic FFS in our data; this is too few to estimate a separate expenditure equation for basic FFS. Second, allowing the coefficients of the AAPCC variables to be different for beneficiaries who do and do not purchase supplementary policies is equivalent to assuming that the current HMO payment formula includes such an adjustment. In fact, the AAPCC makes no such adjustment.
Because of these problems, we estimated a model in which the AAPCC coefficients in the two FFS-sector expenditure equations were constrained to be the same; FFSSUP was added to the expenditure equation to allow a shift in the intercept if the beneficiary had purchased a supplementary policy. Of course, the AAPCC does not allow an intercept shift for "ownership of a supplement," but limiting the effect of a supplement to an intercept shift is the most conservative specification that retains the desirable uniform coefficients of the AAPCC variables in the two FFS sectors. It also allows FFSSUP to remain in the expenditure equation, thus purging the FFSSUP effect from the selectivity correlation. 13 The results from estimating this three-sector model implied weak, and not statistically significant, selection into both FFS sectors.
A second three-sector model was estimated in which the selectivity correlations were allowed to differ for basic FFS and FFS with a supplement. The estimated correlations indicated favorable selection into the FFSwith-a-supplement sector, relative to basic FFS and HMOs, and unfavorable selection into basic FFS Medicare, relative to the other two sectors. However, neither correlation was significant at the 10-percent level.
Another criticism of the identifying variables GRPPOL and OTRPAY is that when insurance is available through a group or when premiums are subsidized, the healthplan-choice environment is dramatically altered. There are two interpretations of this choice environment. The first is that the availability of group coverage or a premium subsidy dramatically alters the prob-
13
Construction of the selectivity-correct tobit likelihood function with more than two sectors is explained in Dowd et al. (1991). ability that the group policy or subsidized policy will be chosen. Because the "group" most often offering insurance to Medicare beneficiaries and subsidizing the premium is the former employer, and because employers are more likely to offer FFS supplements than HMOs, both GRPPOL and OTRPAY should be positively associated with choice of the FFS sector. That is exactly what our data show. GRPPOL and OTRPAY allow intercept shifts of the probability that the FFS sector will be chosen.
A second interpretation of the problem is that beneficiaries with access to retiree group policies or employer subsidies do not consider any other choices. In that case it would be incorrect to include those beneficiaries in the choice equation. To address this concern, we first reestimated the model, dropping respondents who received any premium subsidy. GRPPOL remained a highly significant predictor of health-plan choice, and the estimated selectivity correlation rose to -0.3968 (t-statistic = -3.236). Second, we dropped all respondents who had access to subsidized, retiree group coverage but retained those with other types of group coverage or subsidies from other sources. Again, GRPPOL was highly significant in the health-plan-choice equation, and the estimated selectivity correlation was -0.3209 (t-statistic = -2.740).
14 Thus, the criticism that group coverage and subsidized premiums alter the choice environment beyond the simple intercept shifts in our original model appears to have some validity When the sample is restricted to beneficiaries whose choices across health-plan products are not influenced by group policies and premium subsidies, the estimated degree of favorable selection into the FFS sector increases.
14 Adding FFSSUP to these two equations reduced the estimated correlations, but both remained highly significant In the equation dropping anyone with a premium subsidy, the estimated correlation was -0.327 (t-statistic = -2.588). In the equation dropping subjects with employment-based retirement plans and subsidies, the estimated correlation was -0.26704 (t-statistic = -2.122).
Tobit Specification
Another type of specification error arises from our use of the tobit expenditure model. Tobit may be viewed as a restricted form of a general two-part model (Manning et al., 1981) . In the two-part model, one equation describes the probability that the FFS beneficiary will have positive expenditures. A second equation describes the expected value of expenditures, conditional on expenditures being positive. The coefficients of the AAPCC variables in each part could be different; also, each part could have a separate error term, which would generate two estimates of the selectivity correlation. The tobit model imposes two important constraints on the general two-part model: First, the coefficients in the two parts are constrained to be equal; second, there is only one error term, and thus only one selectivity correlation to be estimated. 15 We relaxed these constraints by estimating a selectivity-corrected probit equation for some versus no expenditure, and a selectivity-corrected OLS equation for FFS beneficiaries with positive expenditures. The expenditure variable in the second equation was defined as before (natural log of positive values). Both the estimated coefficients and selectivity correlations were considerably different in the two parts of the model. The estimate of selectivity correlation was -0.331 (t-statistic = -2.00) in the selectivity-corrected probit model, as opposed to -0.0724 (t-statistic = -0.230) in the positive expenditure equation. No significant selectivity was detected when FFSSUP was added to the equation. In fact, the hypothesis that the coefficients in the two parts of the model are equal is the basis of Cragg's (1971) specification test.
Comparison to MPR's Results
As part of their analysis, MPR estimated selectivity-corrected models (Hill et al., 1992) . However, MPR modeled FFS expenditures as an OLS equation with dollars, rather than the log of dollars, as the dependent variable. There was no correction for the mass of observations at zero expenditures. 17 The estimated selection correlation indicated favorable HMO selection but was statistically insignificant. We estimated a similar model with our data and also found a small and statistically insignificant correlation (0.079 by the twostep estimation method; 0.085 using a maximum-likelihood estimator) indicating favorable HMO selection. Including FFS SUP in the expenditure equation, however, reduced the correlation virtually to zero. The two-step selection correction utilized by MPR assumes that a linear-regression relationship exists between the error term in the choice equation and expenditure equation. That assumption is jeopardized by the mass of observations at zero in health expenditure data.
The tobit model addresses the mass of observations at zero, and in our data, estimation of a tobit model on untransformed health expenditures reversed the sign of the selectivity correlation (to indicate favorable FFS selection) but remained small (-0.06) and statistically insignificant. Adding FFSSUP to the tobit expenditure equation increased the esti- 16 In theory, an improved specification would consist of three equations: (1) choice of sector; (2) some versus no expenditures; and (3) level of positive expenditures. The positive-expenditure equation in that model would be subject to two selection processes, described by the first two equations. The analysis would posit a trivariate distribution of the three errors and estimate the correlations among all errors. Estimation of the threeequation model is unwieldy, because it is difficult to find variables that affect only the probability of some expenditures without also affecting the level of positive expenditures. In the absence of such variables, the performance of selection-correction models is likely to be poor (Manning, Duan, and Rogers, 1987) .
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MPR subsequently investigated a two-part expenditure model but without a correction for selectivity bias. mate (in absolute value) to -0.107 (t-statistic=-1.096).
The tobit model for untransformed expenditures is misspecified, however. The selectivity-corrected tobit requires maximum-likelihood estimation, which imposes the stronger assumption that the error terms in the two equations have a bivariate normal distribution. There is little hope of satisfying that assumption in untransformed health expenditure data. It was after taking the log of positive expenditures to satisfy the bivariate normality assumption that the selectivity correlation became statistically significant, as reported in Tables 5 and 6 .
Analysis of Chronic Conditions
A number of analysts have suggested adding measures of chronic illness to the AAPCC payment formula to correct a hypothesized payment bias. To investigate the effect of including chronic illness in the payment formula, we added variables indicating the presence of 18 chronic conditions to the 2-sector choice equation and the expenditure equation. The results, shown in Tables 7 and 8, suggest that adding chronic conditions to the AAPCC would cause a minor reduction in the estimated selectivity correlation, from -0.18991 (using the specification in Tables 5 and 6 ) to -0.15371 (t-statistic = -1.584, = 0.113). When FFSSUP is added to the equation, the estimated correlation falls to -0.10552 (t-statistic = -0.993, = 0.32).
Examination of the coefficients of the chronic conditions explains the weak effect of the chronic conditions on the estimated selectivity correlation. Conditions that are significantly associated with choice of sector tend not to be significant predictors of expenditures.
Adding chronic conditions to the AAPCC formula could create a bias if the current omission of chronic conditions from the AAPCC payment formula were offset by the effects of other omitted variables. However, our results indicate that adding chronic conditions to the AAPCC payment formula in our site and time period would not create biased HMO payments.
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Our chronic-illness questions were worded carefully to elicit information about the presence of chronic conditions, not whether respondents were bothered by the condition, which might reflect the degree to which the HMO managed the chronic condition successfully. However, other questions still remain about the inclusion of chronic illnesses, for example, HCFA's ability to measure them accurately, and whether they are entirely beyond the HMO's control.
DISCUSSION AND CONCLUSIONS
Our most striking finding from the different specifications of the model is that there is no evidence of favorable HMO selection within the AAPCC payment cells in the Twin Cities in 1988. In fact, some of our estimates of the two-sector selection model indicate favorable selection into the FFS sector. This estimate of biased selection varies with model specification and subsample of respondents included in the analysis and may be affected somewhat by non-response bias as well. 19 The strongest findings of favorable FFS selection occur in the simple two-sector choicemodel specification for individuals who do not have access to employment-based retiree group insurance or subsidized premiums. In additional tests, incorporating endogenous selection of FFS supplements, we found no statistically significant evidence of favorable selection into either the FFS or HMO sector. A finding of no favorable HMO selection in the Twin Cities during the study period has an important implication for Medicare payment policy. In the absence of correlation between variables omitted from the health-plan-choice equation and FFSexpenditure equation during the study period, HMO payments based on 95 percent of costs may actually have yielded a 5-percent savings to HCFA.
An interesting empirical epilogue to the study makes the possibility of unfavorable HMO selection more plausible. Since 1988, there have been significant changes in the Medicare health-plan market in the Twin Cities. Instead of five large TEFRA-risk plans, there now are three risk plans, but only two have significant enrollment. There are four health care prepayment plans (HCPPs), however, all with significant enrollment. In recent interviews, Twin Cities health plans cited low AAPCC rates and the abil-
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The preference for the FFS sector is underestimated among our oldest respondents, as opposed to non-respondents, and older beneficiaries have higher expenditures. ity of HCPPs and FFS Medicare supplement plans to screen potential enrollees as factors contributing to their decision not to renew risk contracts.
The analysis has several important limitations. Our data pertain to the Twin Cities Medicare market in 1988. This is an important site and time period, because five TEFRA-risk HMOs operated in the market during that period. Our results therefore represent a mature Medicare HMO market with longstanding HMOs, resulting in some consumers with a high degree of "brand loyalty" and high HMO market penetration, but these results may not be generalizable to other areas with fewer or smaller HMOs, or even to the Twin Cities market today.
The second limitation concerns a general restriction imposed by selectivity models. These models assume that the relation between the error terms in the choice and expenditure equations is linear. Non-linear relationships (a U-shaped curve, for example) could be substantively important, but they might produce an estimated correlation of zero.
Third, our study, like that of MPR, estimates the degree of selection relative to an estimated payment equation, rather than the actual AAPCC payment formula. Our expenditure equation also differs from the actual payment formula in that the cell-specific payment rates (the estimated coefficients on the age/sex and county variables) are corrected for selection bias. The payment rates in the actual AAPCC formula are not corrected. Put another way, our results indicate that a payment system in which HMOs were paid the average cost of FFS beneficiaries in the AAPCC-defined age, sex, and county cells would not overpay HMOs in the Twin Cities, because it does not appear that there is a strong relationship between variables omitted from the health-planchoice equation and FFS-expenditure equation. Actual payments to HMOs in that period may have been too high or too low.
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What should be the next steps in this area of research? It is possible that interest in competitive rather than regulatory pricing in the Medicare program may make adjustments to the AAPCC-based payment a moot point. Indeed, that would be our preference (Dowd et al., 1992; Dowd, Feldman, and Christianson, 1996) . However, as long as interest in the AAPCC continues, one important point should be kept in mind: Analyses of expenditures among FFS beneficiaries may not provide accurate information about bias in payments to HMOs, because the expenditure equation for FFS beneficiaries may not be a reliable predictor of expenditures for HMO enrollees. Our results suggest that the applicability of the FFS equation to HMO enrollees could vary dramatically for different groups of beneficiaries. We found, for example, that favorable FFS selection may be more likely among subjects who do not have access to group coverage or subsidized premiums. As employers begin to offer more HMOs to their retirees and offer these plans on a more equal footing with FFS supplements, the overall results from studies like ours may change dramatically. Efforts to assess bias should not rely on any single approach, but more attention to the effects of unobserved variables appears to be warranted.
Nelson and Brown (1989) found that "average reimbursements computed from HCFA claims data are considerably lower than the values implied by the county AAPCC values." These authors note that the discrepancy is too large to be attributable to hospital cost pass-throughs or the periodic reconciliations that are included in full Medicare costs. Thus, HMO participation in the Twin Cities market may have cost HCFA money even if there was no favorable selection into HMOs.
